BACKGROUND: Dose escalations of biologic agents may be attempted in the management of moderate-to-severe psoriasis. This has implications for the real-world cost of treatment.
soriasis is a chronic and painful condition of the skin, most often appearing as red and scaly patches accompanied by itching and sometimes bleeding. 1 It is the most prevalent immune-mediated disease in the United States, affecting as many as 7.5 million people. 1 The impact of psoriasis goes beyond its dermatologic manifestations. Psoriasis is associated with an elevated risk of serious and chronic conditions, including diabetes mellitus, stroke, hypertension, cardiovascular disease, and cancer. [2] [3] [4] [5] Furthermore, lower quality of life and higher rates of anxiety, depression, and psychosocial impairment are observed in psoriasis patients when compared with the general population. 6, 7 Psychological interpersonal difficulties impact all aspects of daily life for psoriasis patients; anxiety and pathological worry occur in at least one-third of these patients. 7 Given that psoriasis most often strikes between the ages of 15 and 35, patients will require lifelong attention and
• Psoriasis is a chronic and painful skin disease that is associated with increased risk of comorbid medical conditions and reduced health-related quality of life.
• The cost of treating psoriasis is substantial, owing to the chronic nature of the disease, the need for health care utilization, the presence of comorbidities that also require treatment, and lost work productivity.
• Biologic agents represent an increasingly widely used treatment option for patients with moderate-to-severe psoriasis.
What is already known about this subject
• This retrospective health care claims database analysis provides a real-world perspective on the dosing patterns associated with biologic therapies (etanercept, adalimumab, and ustekinumab) for the management of moderate-to-severe psoriasis.
• Dose escalation, dose reduction, restarting, switching, and discontinuation of biologics were common. • Many patients who initiated biologic therapy with etanercept, adalimumab, or ustekinumab experienced medication disruptions in the first year after initiating the therapy.
severe cases, address increasing dose tolerance over time, manage patients with obesity for whom standard dosing may not be adequate, or prepare for surgeries with significant infectious risks. 18 A recent systematic review by Brezinski et al. (2012) identified 23 studies in which off-label dosing regimens of etanercept, adalimumab, or ustekinumab were being used in clinical practice to address issues with nonresponders or gaps in efficacy. 18 The authors found that, among nonresponders, the use of off-label dosing regimens (i.e., dose escalations) resulted in greater efficacy than standard dosing regimens. 18 Given the high costs associated with biologic agents, the real-world dosing of these agents may have significant cost implications for clinicians and formulary decision makers within managed care organizations. The variations in dosing schedules combined with the influence of gaps in therapy, discontinuation, or switching between agents within a given class make it challenging for clinicians and other providers to determine the true economic impact of these agents.
The primary objective of this study was to examine the medication utilization patterns (dosing, persistence, switching, discontinuation, restarts), patient demographics, and clinical characteristics associated with the use of etanercept, adalimumab, and ustekinumab among patients with moderate-tosevere psoriasis in a real-world setting. A secondary objective of the study was to examine the time to dose escalation for each of the study biologics.
■■ Methods Study Design
Retrospective analyses were performed using health care claims data from a large U.S. employer-based claims database, the MarketScan Commercial Encounters Database, between January 2007 and March 2012. Nearly 29 million individuals are included in the database, which encompasses employees, their spouses, and dependents who are covered by employersponsored private health insurance, including a pharmacy benefit. The MarketScan Commercial Encounters Database provides data on hospitalizations, inpatient and outpatient services, emergency room visits, inpatient and outpatient diagnoses (using International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes), outpatient prescription drugs, and costs. This database fully integrates the pharmacy and medical claims records at the patient level and allows for the tracking of patient information across sites, across providers, and over time. Additionally, the MarketScan Commercial Encounters Database has broad geographic coverage at the national and state levels. This database is compliant with the Health Insurance Portability and Accountability Act and contains synthetic identifiers to protect the privacy of individual patients and data contributors. treatment. 1 Consequently, the economic burden of psoriasis is considerable for patients and the health care system. In 2008, the U.S. total direct medical costs and indirect costs (i.e., lost productivity) of psoriasis were estimated at $11.25 billion annually, with lost time at work accounting for 40% of the economic burden. 8 People with psoriasis have significantly higher health care resource utilization and costs than the general population. 9 Additionally, the comorbid conditions in patients with psoriasis represent a substantial economic burden to society. 10 According to American Academy of Dermatology psoriasis treatment guidelines, several treatment options are available for psoriasis patients depending on the severity of the disease.
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Patients with mild psoriasis are often treated with prescription and over-the-counter topical moisturizers, creams, and ointments. Moderate and severe psoriasis is often treated with topical medications as well as other treatments, including phototherapy, systemic pharmaceuticals (i.e., acitretin, cyclosporine, and methotrexate), and biologic agents. 1 Since their introduction more than a decade ago, biologic agents have represented an increasingly widely used treatment option for patients with moderate-to-severe psoriasis who have not responded to or have experienced side effects from other treatments. 12 These agents act by blocking the action of specific types of immune cells, such as the T cell, or by blocking proteins in the immune system, such as tumor necrosis factor-alpha (TNF-alpha) or interleukins 12 and 23 (IL-12 and IL-23).
1 Etanercept and adalimumab are 2 of the most commonly used TNF-alpha blockers, but both agents may increase risk of serious infections, and malignancies have been reported with both. 13, 14 A recent survey by the National Psoriasis Foundation reported that, in 2011, approximately 12% of psoriasis patients were using either etanercept or adalimumab. 12 This survey also found that 50% of patients were dissatisfied with their psoriasis treatment. The primary reasons for discontinuation of biologic agents were lack of efficacy (25%) and adverse effects (16%). 12 Ustekinumab is a commonly used IL-12 and IL-23 antagonist. Although randomized trials have demonstrated the efficacy of ustekinumab in psoriasis, there has been concern that ustekinumab may increase the risk of infections or malignancy 15 or increase the risk of cardiovascular events. 16 A recent review of pooled data from phase 2 and phase 3 trials of ustekinumab, however, did not reveal an increased risk of these events. 17 Although the standard approved dosing regimens of these biologic agents have been established in large, randomized, double-blind, placebo-controlled clinical trials, clinical experience in real-world practice settings suggests that off-label dosing regimens are frequently used and clinically relevant. [18] [19] [20] [21] [22] [23] [24] [25] [26] Off-label dosing regimens can be broadly categorized as dose escalations, dose reductions, intermittent therapy, or interruptions in therapy followed by retreatment. 18 The reasons for these dose adjustments may be to improve efficacy in very
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Patient Selection
Adults who were at least aged 18 years with moderate-tosevere psoriasis as determined by treatment with etanercept, adalimumab, or ustekinumab (which are only indicated for treatment of moderate-to-severe disease) were included in the study if they had 2 or more pharmacy claims for these agents between January 1, 2007, and March 20, 2012. Ustekinumab received U.S. Food and Drug Administration (FDA) approval in September 2009, and data for the period from January 2007 through August 2009 were used to capture etanercept and adalimumab patients. The first fill date was defined as the index date, and the biologic received on this date was referred to as the index biologic. Patients were required to have 2 or more distinct medical claims with a diagnosis of psoriasis (ICD-9-CM code 696.1) on or within 1 year prior to the index date. Patients with a diagnosis of psoriatic arthritis (ICD-9-CM code 696.0) were excluded from the analysis. Patients were required to have been continuously enrolled in the health plan for at least 1 year before the index date and 1 year plus the titration window after the index date. The titration window was defined as the period from the initiation of therapy to the end of the recommended induction period according to the product label. Dosage strengths and titration schedules for these agents can be found in Table 1 .
Patients were excluded for the following reasons: (a) if they received any biologic agent within 1 year before the index date; (b) if they had a concomitant diagnosis of human immunodeficiency virus infection (ICD-9-CM code 042.x) or cancer (ICD-9-CM code 140.X-239.x) in the 1-year pre-index period; (c) if they had records with missing dosing information (i.e., missing quantity dispensed or days' supply information) during the study period; or (d) if they had fewer than 2 medical claims with a diagnosis of psoriasis in the pre-index period. Patients with the following diagnoses in the 1-year pre-index period were also excluded to ensure that the biologic agents examined here were used to treat psoriasis: rheumatoid arthritis (ICD-9-CM code 714.2), juvenile idiopathic arthritis (ICD-9-CM code 714.3), ankylosing spondylitis (ICD-9-CM code 720.0), Crohn's disease (ICD-9-CM code 555.2), or ulcerative colitis (ICD-9-CM code 556.8).
Outcomes Assessments
The primary outcomes for this analysis were medication utilization patterns for etanercept, adalimumab, and ustekinumab among patients with moderate-to-severe psoriasis. These outcomes were evaluated in the 1-year post-index period after the dose titration window. Other outcomes included demographics, comorbidities as measured by the Charlson Comorbidity Index (CCI), and all-cause total health care costs (adjusted to year 2012 U.S. dollars based on the Medical Care component of the Consumer Price Index). These outcomes were analyzed during the 1-year pre-index period.
The medication utilization patterns examined included dose escalation, dose reduction, persistence, switching, discontinuation, and restarting therapy, as well as the time to dose escalation. Dosing for each biologic was measured in average weekly dose, which was a function of the prescribed strength (based on National Drug Code and J-code descriptors) and the interval between the preceding dose and the next refill. Dose escalation (or reduction) was defined as the patient's experiencing a dose increase (or decrease) of at least 25% following the titration window. The 25% threshold was chosen based on clinical expert opinion and a literature review of the various methodologies used to define a minimal clinically important difference in dose change associated with biologic agents. [27] [28] [29] The review revealed that the range for a minimal clinically important difference was between 15% and 50%. [27] [28] [29] Patients who had an average weekly dose in the post-titration window that exceeded this threshold when compared with their baseline dose (dose at end of titration window) were deemed to have had a dose escalation. In addition, the time to dose escalation (in days) was examined for each biologic over the follow-up period (12 months after the end of the titration window).
Medication persistence outcomes were determined based on the permissible treatment gaps for each study biologic. A treatment gap was defined as the time between the preceding fill and the time to the next refill. Permissible treatment gaps were defined as 4 weeks for etanercept, 8 weeks for adalimumab, and 18 weeks for ustekinumab, based on clinical expert opinion. Patients were considered to be persistent if they had no treatment gaps that exceeded the specified time thresholds. Patients were deemed to have switched therapy if they had a treatment gap exceeding the specified time threshold for the index biologic and had initiated a new biologic agent after the preceding fill. If patients were not persistent on the index biologic and there were no biologics identified following the preceding fill, patients were deemed to have discontinued the therapy. If a patient had a treatment gap that exceeded the specified time thresholds and subsequently re-initiated the 
Data Analyses
Patients were assigned to 1 of 3 unique biologic cohorts based on their index biologic agents. Demographics and comorbidities were analyzed during the 1-year pre-index period to examine differences in patient characteristics between the biologic cohorts. Medication utilization parameters were evaluated in the 1-year post-index period after the titration period (2 to 12 weeks, depending on the prescribing information); chi-square testing was used to examine between-group differences for dose escalation, dose reduction, persistence, restart, switching, and discontinuation. Dose escalation was also assessed at 6 and 9 months from the end of the dose titration window. Total health care costs were annualized and examined during the 1-year pre-index period. Sensitivity analyses were performed to determine the consequences of alternative assumptions about the threshold definition (i.e., change from 25% dose increase to other threshold) of dose escalation.
■■ Results Patient Characteristics
A total of 4,309 patients met the study criteria and were included in the analysis (Figure 1 ). The selection process identified 2,452 (56.9%) receiving etanercept, 1,662 (38.6%) receiving adalimumab, and 195 (4.5%) receiving ustekinumab. The majority of patients were male (55.5%), and the average age of patients was 45 years (Table 2 ). Among all 3 patient groups, ustekinumab patients were older, more likely to have seen a dermatologist, and more likely to have used mail-order prescriptions. In general, all patients had similar comorbidity scores as measured by the CCI. Most patients resided in the South (43%) and North Central (28.5%) regions of the United States. Mean total costs for all patients were $30,568.
Dosing Patterns
Dose escalation rates over the 12-month follow-up period were substantial (Table 3) . Among all study patients, 33.0% experienced a dose escalation at 6 months, 37.2% at 9 months, and 39.1% at 12 months postdose titration. Dose escalation rates at 
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12 months were 41.0% for etanercept, 36.6% for adalimumab, and 35.9% for ustekinumab (P < 0.05). The median number of days to dose escalation was lowest in the adalimumab cohort (55 days) and highest in the ustekinumab cohort (108 days). Dose reduction rates were substantial, with 50.1% of patients experiencing a dose reduction over the 12-month follow-up period in the full population and 48.7%, 53.7%, and 37.4% in the etanercept, adalimumab, and ustekinumab cohorts, respectively (P < 0.05). Of the 1,355 nonswitch patients who experienced a dose escalation over the 12-month follow-up period, 51% of these patients also experienced a discontinuation or dose reduction (Figure 2 ).
Persistence Patterns
Overall, the persistence rate for the 12-month follow-up period for all biologic cohorts was 34.6% ( Figure 3) . The persistence rate was lowest for etanercept (19.0%) and highest for ustekinumab (70.8%; P < 0.05). Among patients who experienced a treatment gap, many restarted the same biologic (25.3%) or switched to another biologic therapy (12.5%). Approximately 30.8% of patients discontinued their index biologic therapies over the 12-month follow-up period: 34.5% in the etanercept cohort, 27.2% in the adalimumab cohort, and 15.9% in the ustekinumab cohort (P < 0.05). Among all the cohorts, more etanercept patients experienced dose reductions, switches, discontinuations, and restarts, followed by adalimumab and ustekinumab (P < 0.05). Sensitivity analyses completed for nonswitch patients only revealed that the results were sensitive to assumptions regarding the threshold definition of dose escalation, with a higher threshold definition resulting in fewer patients experiencing a dose escalation, as expected (Figure 4 ). For example, at the 25% threshold used in this study to define dose escalation, the rate of dose escalations was approximately 37%. When the threshold definition was varied to 50%, 23% of patients were identified as having experienced a dose escalation. 
TABLE 3
Dose Escalation and Reduction Patterns by Index Biologic Cohort
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The overall low persistence rates highlight an unmet need in existing biologic treatment for psoriasis. Only about onethird of patients were persistent with their biologic therapies by the end of the 12-month follow-up period, and one-third of patients ceased treatment with biologics. The remaining patients were either restarted on the same biologic or switched to another agent. Interestingly, restart was more common than switching, which suggests that physicians and patients were inclined to modify treatment using the same biologic rather than try a different biologic agent.
The results of our study are consistent with those of other recent claims analyses evaluating the annualized costs and medication outcomes of TNF-alpha inhibitors for managing psoriasis in commercially insured patient populations. 33 Their results demonstrated that disruptions in biologic therapy were quite common (persistence rate of 22% for etanercept and 33% for adalimumab). 33 However, an important distinction of our study is that it took a comprehensive approach to analyzing medication utilization outcomes, including dose escalations and dose reductions as well as persistence, switching, restart, and discontinuation. Other claims analyses also have taken a less extensive approach than ours to the assessment of medication utilization outcomes.
Recent biologic utilization studies from Europe also examined discontinuation of these agents. [34] [35] [36] Using a large prospective registry in Denmark, Gniadecki et al. (2015) found that 41% of patients taking either adalimumab, etanercept, infliximab, or ustekinumab had discontinued treatment over 10 years of follow-up. 34 Van den Reek et al. (2014) 35 and López-Ferrer et al. (2013), 36 examining adalimumab utilization at single centers, found discontinuation rates of 39% over 4.5 years of follow-up in the Netherlands and 41% over 5 years in Spain, respectively. Although these rates of discontinuation are higher compared with our findings, the follow-up periods in these studies were 4.5 to 10 years, which were longer than our 1-year post-titration follow-up period. [34] [35] [36] Overall, our study showed that the management of moderate-to-severe psoriasis requires intensive health care resources. The frequency of dosing practices that deviate from standard regimens suggests that there is a large unmet need for effective and sustainable treatment despite the already substantial economic burden placed on patients with psoriasis and on the health care system.
Limitations
This study was subject to several limitations. First, information that may affect study outcomes, such as measures of disease
■■ Discussion
Analyses of the real-world medication utilization and costs of biologic agents have revealed that managing moderate-tosevere psoriasis is costly and complex. This study found that disruptions in therapy, defined as dose escalations, dose reductions, switches, discontinuations, and restarts, were common, since half of the patients experienced some form of disruption during the 12 months after starting a biologic. One-third of the patients in our analysis experienced a dose escalation within 6 months of therapy initiation, suggesting that inadequate response to or dissatisfaction with standard dosing of biologic agents is common among moderate-to-severe psoriasis patients. Although dose escalation rates were similar for all of the biologics examined, the time to dose escalation varied substantially across biologics. The decision to increase dose might be influenced by many factors, including efficacy, safety, and dosing frequency. Since the reason for dose escalation was not documented in the database examined here, future studies might be needed to focus on this area. Furthermore, dose escalations were commonly followed by dose reductions or discontinuation, implying that higher-than-standard doses of the biologics studied might not be sustainable. 
■■ Conclusions
Using a large and recent U.S. administrative claims database, this study examined health care costs and dosing patterns associated with etanercept, adalimumab, and ustekinumab among moderate-to-severe psoriasis patients. Many patients who initiated biologic therapy with etanercept, adalimumab, or ustekinumab experienced disruptions in therapy over the course of 1 year after starting the treatment. Not only did a high proportion of patients undergo dose escalations, but these escalations also occurred soon after treatment initiation, suggesting an inadequacy of standard dosing regimens or disease exacerbation of increased severity. Dose reductions, restarts, switches, and discontinuations of biologics were also common among these patients. severity, socioeconomic status, concurrent immunosuppressants or other agents used to treat psoriasis, and allergy profiles were either not readily available in the claims database or not included as part of the data capture. Second, the claims database did not report patients' body weight, which is an important criterion in selecting the ustekinumab dose. As a consequence, dose escalations associated with ustekinumab were inferred based on observations of dose strength and the interval of ustekinumab dosing. Third, the benefit designs of patients' health plans are unknown; data regarding preferred specialty pharmacy, prior authorization requirements, and preferred product tiers were unavailable. Fourth, as with most retrospective claims analyses, it is possible that there may have been miscoding of diagnoses, resource use services, or procedures, leading to potential errors in estimation. Independent confirmation of coding or chart review of individual patient records was not possible. Fifth, the patient cohorts were determined from a database encompassing employees, their spouses, and dependents who were covered by large employersponsored private health insurance plans. As a result, the findings of this study may not be generalizable to the entire U.S. population, particularly individuals who are covered under Medicaid or Medicare. Sixth, we retrospectively examined biologic usage from January 2007 through March 2012, but ustekinumab received FDA approval in September 2009. It is possible, therefore, that its use was underrepresented in the patients included in our sample. More up-to-date studies may be needed to confirm our findings with this agent.
Most of these limitations are inherent to any claims database analysis and do not preclude the development of clinically relevant conclusions about the real-world utilization of biologic agents in the management of patients with moderateto-severe psoriasis. 
